Summary. The 
Introduction
The development of Graafian follicles during the preovulatory period occurs in two distinct phases. The first phase, which terminates after the preovulatory LH surge, is characterized by the growth, differentiation and development of the somatic components of follicles destined to ovulate. Amongst the most important changes at this time are those relating to cellular morphology, the development and full expression of gonadotrophin receptors, particularly in the membrana granulosa, and the reprogramming and enhancement of steroid synthesis (Richards, 1980; McNatty, 1982) . However, these somatic changes are not accompanied by parallel changes in the germinal compartment. Measurements of membrane function, protein synthesis, phosphorylation and ultrastructural appearance all indicate that oocytes in the first phase of development are similar to oocytes from small non-stimulated antral follicles (Masui & Clarke, 1979) . By contrast, during the second phase of development, which occurs after the LH surge, major changes take place in the germinal and somatic compartments of the follicle.
The purpose of our study has been to test whether, and to what extent, the normal sequence of developmental events is altered in follicles stimulated by exogenous gonadotrophins.
Materials and Methods
Ovaries were obtained from sheep on Day 12-13 of the oestrous cycle (Day 1 = day of oestrus). Animals in the control group were untreated, those in a second group were injected with 1250 i.u. PMSG (ARS, Cambridge) and slaughtered 40 h later, and those in the third group were given a total of 10 mg porcine pituitary gonadotrophin (FSH-P: Armour-Baldwin Moor, Hay, Dott & Cran, 1978) were dissected from the ovaries at room temperature and cultured for 21 h using the same media and techniques as described previously (Moor & Trounson, 1977) . Some follicles from each of the three groups were cultured with no hormones added to the medium whilst the remainder were cultured in medium containing FSH (NIH-S12, 5 pg/ml), LH (NIH-S20, 5 pg/ml) and prolactin (NIH-S9, 20 ng/ml) (Moor & Trounson, 1977) .
The cumulus-oocyte complex was removed from each follicle after 21 h in culture and labelled at 37°C for 3 h in a solution of 500 pCi [35S]methionine/ml (sp. act. 1000 Ci/mmol: Amersham International, Bucks, U.K.). The incubation medium, labelling procedure and electrophoretic separation of polypeptides in individual oocytes were the same as those described previously (Moor, Osborn, Cran & Walters, 1981) .
The progesterone and total unconjugated oestrogen contents of the culture medium were measured using methods and antisera previously described (Moor, Hay, Mclntosh & Caldwell, 1973) . The cross-reactivity of the progesterone antiserum (Specific Antisera Ltd, South Bank, Davylands, Wilmslow, Cheshire, U.K.) estimated at 50% displacement of labelled progesterone was, with the exception of pregnenolone (3-5%), less than 1% for all major steroids secreted by the ovine follicle (Seamark, Moor & Mclntosh, 1974 Moor (1977) . The crossreactivity of testosterone antiserum (Specific Antisera Ltd) was <0-01% for C18 steroids, 100% for 5a-dihydrotestosterone, 43% for 5a-androstane-3a,17ß-diol, 41% for 5a-androstane-3a,17ß-diol; 4% for androst-5-en-3ß,17ß-diol and 001% for androstenedione. The limits of sensitivity of the assays were 3 pg oestrogen/ml, 50 pg testosterone/ml and 25 pg progesterone/ml. The within-assay and between-assay coefficients of variation for the assays were, respectively, 6 and 7% for oestrogen, 5 and 7% for testosterone and 6-5 and 11% for progesterone.
Each of the comparative experiments in this study were repeated in consecutive years to check for seasonal variability. Since (Warnes, Moor & Johnson, 1977 (Seamark et ai, 1974) . By contrast, follicles from PMSGtreated sheep cultured without gonadotrophins produced significantly more total steroid (79 compared with 38 ng/mg per 24 h : < 0-01, t test) and in a pattern different from that of the FSH-P group. The second difference between follicles from the two groups is reflected by their response to the addition of FSH and LH in culture. The addition of gonadotrophins to follicles from FSH-Ptreated sheep increased significantly (P < 0-05, t test) the total output of steroid but did not alter the (Moor et ai, 1973) . The 'in-vivo-in-vitro' approach has more recently been used with notable success in the study of follicular receptor development (Richards, 1980) . Our present results demonstrate further the value of this model in the study of follicular differentiation. However, our experiments differ from the earlier ones primarily because we have concentrated on the action of gonadotrophins on the germinal rather than the somatic compartment of the follicle. Moreover, we have measured protein changes in oocytes rather than other characteristics because these are the most sensitive indicators of change in this cell type that are presently available.
The main conclusions from these experiments are clear and relate to both compartments of the ovary. Firstly, our results show that the germinal compartment in follicles from untreated or FSH-P treated animals remains selectively unchanged until exposed to an adequate 'surge' level of FSH and LH in culture. By contrast, not only the somatic but also the germinal compartment undergoes change in 25-30% of follicles as a result of PMSG stimulation in vivo. However, this proportion of prematurely activated oocytes depends on the amount of gonadotrophin administered. The amounts of FSH-P and PMSG used in the present study are those routinely used for superovulation of sheep and result in an ovulation rate in our flock of about 8-10 ovulations per animal. Because of its short half-life in vivo (see below), FSH-P was The explanation for the differences in hormonal action on the follicle can almost certainly be attributed to the chemical properties of the two gonadotrophic preparations. The pituitary preparation (FSH-P) consists of a mixture of FSH and LH molecules in a ratio which varies from about 0-3 to 1-0 (Chupin, Combarnous & Procureur, 1984; Murphy, Mapletoft, Manns & Humphrey, 1984) . A further distinguishing feature of the pituitary gonadotrophins is their low sialic acid content and associated short half life in vivo (Gay, Midgley & Niswender, 1970 Gordon, 1982) . One of the difficulties is the variability in the dynamics of the follicular populations in different females and therefore cannot be readily overcome (Monniaux, Chupin & Saumande, 1983) . Our results showing that PMSG is more liable than FSH to disrupt the normal function of the oocyte accord well with findings indicating that PMSG decreases fertilization rate in the rat and increases embryonic loss at the preimplantation stage of development (Miller & Armstrong, 1981 ;  Evans & Armstrong, 1983) . It is probable that the current trend of using pituitary rather than placental gonadotrophins for superovulation will accelerate. Improvement and standardization of the pituitary gonadotrophin and also in its mode of administration should further increase the number and viability of embryos produced by superovulation.
One of the most widely used methods of obtaining follicles and oocytes for experimental study involves injecting immature females with PMSG and removing the ovaries 24-48 h later. The oocytes from such ovaries are used in many studies on maturation despite reports showing lowered fertilization rates and increased preimplantation losses associated with these procedures (Miller & Armstrong, 1981; Evans & Armstrong, 1983) . The cause of the embryonic abnormalities has previously been ascribed to the elevated levels of circulating steroid in PMSG-treated animals (Booth, Newcomb, Strange, Rowson & Sacher, 1975) . Our results confirm that PMSG causes excessive follicular steroid secretion but also focusses attention on the adverse effects of this gonadotrophin on the maturing oocyte. It would be prudent to take account of these unacceptable features of PMSG both in planning future experiments and in interpreting past results.
